Objectives: The ability of older adults to live independently is often assessed with a battery of questions known as Instrumental Activities of Daily Living (IADLs). Many of these questions query the difficulty conducting household activities that have been predominantly conducted by women (e.g., the ability to prepare a meal), especially for cohorts now in old age. Although previous research has documented gender differences in IADL limitations, it has not been documented whether IADLs equivalently measure the same latent construct for men and women. Methods: We apply psychometric tests of measurement invariance to data from the 1998 Health and Retirement Study. We then estimate corrected models that account for violations of measurement invariance across genders. Results: We find that IADLs do not equivalently measure same latent construct for men and women. We find that men are more likely not to do the IADL activities for reasons unrelated to health limitations, which may reflect gendered expectations regarding household activities. Accounting for this we still find that women report greater health-related IADL limitations than men. Discussion: Researchers should be cautious making gender comparisons for IADLs without attending to the gender-specific measurement properties of many of the items of which the IADL is comprised.
The United States is experiencing population aging, as the population is increasingly comprised of adults entering or living into old age. Recent projections indicate that by 2030 about one in five Americans will be older than 65 (Vincent & Velkoff, 2010) . This population aging has profound implications. Aging-related declines in physical health and cognitive functioning may restrict the ability to live independently (Thomeer, Mudrazija, & Angel, 2016; Tucker-Drob, 2011) . Long-term care alternatives to independent living are costly, associated with lower subjective assessments of quality of life, and can place stress on the family (Kane, 2001; Whitlatch, Schur, Noelker, Ejaz, & Looman, 2001) . In response to this growing public health and economic concern, there is a large body of scientific research regarding the social, biological, psychological, and demographic factors associated with the ability to live independently, generally measured and conceptualized as Instrumental Activities of Daily Living (IADLs; Bell-McGinty, Podell, Franzen, Baird, & Williams, 2002; Crimmins & Saito, 2000; Katz, 1983; Manton & Gu, 2001; Melvin, Hummer, Elo, & Mehta, 2014; Nagi, 1991; Pudaric, Sundquist, & Johansson, 2003; Verbrugge & Jette, 1994) . The quality of the inferences drawn in such research, however, depends on the employment of valid instruments for assessing independent living that can be implemented across the entire range of the population, particularly with respect to key subgroups that are compared. Differences in the measurement properties of these instruments across subgroups have the potential to not only introduce imprecision, but also systematically and directionally bias estimates.
The current study tests the measurement properties of a commonly employed battery of questions that has been used for decades to evaluate independent living: the IADL questionnaire (Katz, 1983) . We apply latent variable modeling methods to data from the Health and Retirement Study (HRS) , to test whether the IADL questionnaire equivalently measures the same latent construct for men and women. We then examine how correcting for gender differences in the measurement properties of the IADL questionnaire and gender differences in the reports of not doing the activity for non-health reasons influences the substantive conclusions of health related gender differences in IADL limitations.
IADLs are a battery of questions that evaluate if cognitive or physical health problems impede the ability to: use a map, manage money, prepare meals, shop, use a phone, or take medicine. IADL limitations are thought to occur relatively late in the disability process and are associated with admission into long-term care (Thomeer, Mudrazija, & Angel, 2016; Verbrugge & Jette, 1994) . Although the ability to conduct these tasks is generally critical for a household to function, the expectation of who fulfills each of these household tasks has historically been gendered, especially for cohorts that are now in old age (Becker, 1985; Press & Townsley, 1998; Szinovacz & Harpster, 1994) . Given the gendered division of household labor, we hypothesize that some specific activities queried by the IADL battery may be poorer indices of overall everyday living for men or women who are less likely to regularly preform the queried activities.
We anticipate greater expectation for males to use a map and manage money and greater female expectations to prepare meals and shop (we show this visually in Supplementary Figure 1) . We anticipate less gendered expectations for using a phone and taking medication. Despite our hypothesized differences in expectations for activity fulfillment, the battery of IADL questions are almost always combined to implicitly or explicitly measure the latent ability to function independently. However, combining the activities does not account for the differential "exposure to risk" of conducting the activities, which we argue, varies by gender. Research that documents gender differences in IADLs without explicit analysis of and correction for unequal measurement of IADLs risks having systematically biased estimates of gender differences in IADLs. Thus we test for measurement invariance by gender, or more simply if IADLs measure the same construct for men and women. Importantly, HRS respondents can also indicate that they do not do the activity for reasons aside from health or cognitive problems, allowing us to explore how reports of not doing the activity influences estimates of health related gender differences in IADLs.
To understand how this can be problematic, consider a hypothetical scenario in which a researcher creates a sum-score of dichotomous responses (1 = unable to perform activity due to health issues/ 0 = able to perform activity and those who do not do the activity for non-health reasons coded as missing) to the IADL questions and compares these scores between men and women. If otherwise highly independent men, but not women, have a systematic tendency to indicate that they do not prepare meals and thus are excluded from the analysis, then the remaining men will have higher levels of limitations than the actual population. Latent variable models can formally evaluate whether patterns such as this exist and correct for them.
Literature Review
Previous research has compared men and women in their levels or risk of impairments in IADLs. When men are compared to women, women report more health related impairments in IADLs and are also at higher risk of reporting new health related IADL impairments in the United States (Melvin, Hummer, Elo, & Mehta, 2014; Murtagh & Hubert, 2004; Peek & Coward, 1999) , and in countries of Europe (Crimmins et al., 2010) . We build on this research by comparing men and women in IADL limitations while also estimating how reports of not doing the activity for reasons aside from health influence gender differences in health related IADL limitations.
Other work has indeed analyzed how gender roles may influence conclusions regarding IADLs. For instance, previous researchers found that among 629 advanced cancer patients 80% of males and 30% of females attributed help with IADLs to the traditional division of labor, rather than heath-related impairments. After adjusting for the male patients need for help with female-associated tasks, males level of need was reduced (Allen, et al. 1993 ). Other researchers analyzed differential item functioning with respect to item difficulty in a combined measure of Activities of Daily Living (ADLs) and IADLs using the National Health Interview Survey. They concluded there was "especially large" differential item functioning for two items: managing money and shopping (Fleishman, Spector, & Altman, 2002) , two items that we also hypothesize may exhibit measurement non-invariance across gender. Once differential item functioning (DIF) was accounted for they found that the within age group gender differences were reduced. Although not focused explicitly on gender differences other research combined ADLs and IADLs and compared DIF in the HRS to European surveys (Chan, Kasper, Brandt, & Pezzin, 2012) . We build on these studies by analyzing multiple specifications of IADLs, by using tests for measurement invariance in not just difficulty but also discrimination parameters, and by illustrating how not accounting for certain responses may lead to biased estimates of the gender differences. We did not include ADLs in this analysis as impairments in ADLs are generally indicative of more severe health problems than are impairments in IADLs, other work analyzes ADLs and IADLs separately (Crimmins et al., 2010; Melvin et al., 2014; Montez & Hayward, 2014) , and, we had no a prioi reason to assume that activities such as being able to use the toilet or getting dressed, differed due to gender roles in a manner similar to that hypothesized for IADLs.
Data & Methods

Data
We used the HRS to accomplish our objective of testing if IADLs equivalently measure the same latent construct for men and women, and adjusting the measure accordingly to reestimate the gender differences. The HRS (Health and Retirement Study, 2016 ) is sponsored by the National Institute on Aging (grant number NIA U01AG009740) and is conducted by the University of Michigan. It contains detailed information regarding older Americans health measured longitudinally, is nationally representative of persons aged ≥51, and follows respondents even if they enter longterm care. The IADL measures from the HRS have also been used in previous research (Berger & Porell, 2008; Bowen, 2012) . We used the fourth or 1998 wave of the HRS. In this wave new cohorts entered, making the HRS generalizable to all Americans aged ≥51. This wave also is less negatively influenced by mortality selection and attrition compared to later waves (Zajacova & Burgard, 2013) . To be consistent with previous research that has compared men and women prevalence rates of IADLs we use the HRS as cross-sectional data. This did, however, preclude us from separating age and cohort effects. We used the Rand "n" file, which is cleaned and tested for consistency by Rand Corporation (Rand 2014). Our sample of 20,218 is limited to those who were included in Wave 4, aged ≥51 at interview at Wave 4, and those who provided valid information regarding their gender and did not have missing responses for all IADL questions.
There was generally little missing data. However, approximately 6% of the respondents indicated that they did not take medication. An argument could be made for coding these respondents as not limited based on a hypothetical follow up question. However, we maintained the Rand coding scheme, but when we coded individuals replying "no" to this hypothetical question as "no difficulty," model parameter estimates were exceedingly similar to those reported here (Supplementary Table 1 ). Aside from that there were very little missing data. For example, only 28 respondents were dropped for missing all the questions. For participants with partial IADL data (<1%), missing responses were handled with Full Information Maximum Likelihood Estimation (Muthén & Muthén 2010) . For a more detailed and technical overview of our sampling criteria, methods, missing data, and results please see the Supplementary Material.
Measures
We used all six IADL of the questions asked in the HRS. As discussed above respondents were asked if they had difficulty: using a map, using a telephone, managing money, taking medication, shopping for groceries, and preparing hot meals. For all the questions the respondents were able to select the following responses (0) if they had no difficulty doing the activity, (1) if they had difficulty doing the activity due to health reasons, (2) if they could not do the activity due to health reasons, (3) if they did not do the activity, and then were asked a follow up question to determine if (3) if they did not do the activity for reasons aside from health impairment ("don't do"). Consistent with Rand coding, we combined (1) and (2), into a single health limited category.
We primarily coded IADLs in two ways and estimated measurement invariance tests for each specification. First, to examine gender differences in not doing the activities we created a latent construct that measured not doing the activity for reasons aside from health. For this coding scheme, we coded do not do the activity for reasons aside from health ("don't do," (3) from above) "1" and all the other responses (except missing) as "0." We refer to this as the Gender Role Specification. Rather than representing IADL capability or impairment, this factor represents a normative tendency for an individual not to engage in IADLs, for social, lifestyle, or patriarchal, rather than health-related reasons. This specification is critical because if men have a significantly higher average on this latent factor it indicates that they are systematically less likely to do the queried activities than women. Second, we employed a coding scheme that mirrored previous research interested in health limitations. This scheme combined the some difficulty (1) and can't do (2) responses into a single category coded "1," the have no difficulty responses into another category coded "0" and coded the don't do (3) and other missing responses as missing. We refer to this as the Traditional Health Specification. To gauge the bounds of potential bias for the Traditional Health Specification, we also conducted sensitivy analysis where we assumed all the "don't do" (3) responses to be unimpaired and then assumed they were impaired.
Methods
We began with descriptive tables that depict the distribution of the responses of each of the IADL questions by gender. Next, we fit common factor models to the IADL items and employed tests of measurement invariance based on techniques developed by previous researchers (Milsap & Yun-Tein, 2004; van de Schoot, Lugtig, & Hox, 2012) . Testing measurement invariance entailed the estimation of a series of nested models where sets of parameters representing item "difficulty" item "discrimination" are increasingly set to be equal between males and females. If setting the parameters to be equal reduces fit significantly, this provides evidence that males and females are not being measured equally on the latent construct. More simply, if parameters are set to be equal and the model fit becomes significantly worse it indicates that setting the parameters between males and females to be equal does not fit the data as well as allowing the parameters to be different by gender. Conversely, if the model fit is not significantly worse when the parameters are constrained between genders it suggests that men and women are measured equivalently enough that the same set of parameters can be used in both groups.
We employed techniques developed for dichotomous responses (Milsap & Yun-Tein, 2004 ). The first model is known as the configural model. To begin with a mathematically identified model, we set the residual variance of the items to be equal for men and women. The thresholds of the latent factors were freely estimated for males and females. The factor mean was fixed at 0 and factor variance was fixed to 1 for females, but was freely estimated for males, such that gender differences in factor means and variances are represented by the factor mean and variance estimates for mean in standardized-units relative to females. In the second model, we tested weak invariance by setting all the loadings to be equal for males and females. In the third model, we tested for strong invariance by additionally setting all the thresholds to be equal for males and females.
To evaluate the model fit we used the Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and Root Mean Square Error Approximation (RMSEA), for an overview please see (Kline, 2015) . For the nested models, we compared the models using chi-squared tests from the difftest function of Mplus, where a significant value indicates statistically significantly worse fit relative to the previous model where more parameters were freely estimated. After the freely estimated models were compared to the models where men and women were fully set to be equal, we went onto free the most problematic individual parameters from the fully constrained model, based on modification indices. Modification indices indicate the chi-square unit change in model fit improvement that would be achieved by freely estimating a previously fixed parameter, thus modification indices provide insight at the gender differences in the items. This procedure allowed us to document what the mean and variance are for men and women are if we assumed that IADLs equivalently measure the same construct for men and women, and then reestimate these values after correcting for violations of measurement invariance. For all the specifications and models, we used Mplus's WLSMV estimation with theta parameterization. Table 1 presents descriptive statistics of the sample. The average age was relatively similar between men (66.5) and women (67.4). Appreciable gender differences can be seen in the response distributions for a number of the IADL items in directions consistent with those we hypothesized earlier.
Results
Almost 18.7% of women indicated that they do not use a map compared to only 6.7% of males. Conversely, 2.2% of females reported that they do not shop whereas the comparable percentage of men is more than twice as high (5.3%). While 10.5% of males indicated they do not prepare meals only 1.5% of women reported that they do not prepare meals. Some of the IADLs had similar response distributions for males and females. Specifically, using a telephone and taking medication are activities we hypothesized to have little differences in gendered expectations. The distribution of these activities were similar between males and females, particularly those who reported not doing those items. For health-related differences in IADLs, more women (13.8%) reported difficulty using a map than men (7.5%) and more women reported difficulty shopping (13.0%) than men (7.1%). Overall there was little missing data, except among taking medication (for a sensitivity analysis on those missing taking medication see Supplementary Table 1 ). Table 2 ). The overall model fit was slightly better for females than males, but both fit well. The multi-group the configural model also had excellent fit (RMSEA = 0.016, CFI = 0.982, TLI = 0.969). In the configural model, there were large differences between the factor loading of shopping and preparing meals, and larger differences among the thresholds of using a map, using a telephone, and preparing a meal. In this model, the difference in mean was not significant between men and women. In the next model, the factor loadings were set to be equal and the model fit improved slightly, however the differences between models was not statistically significant (Χ 2 = 6.3, df = 5), suggesting the loadings are comparable. When we constrained the thresholds, the model fit significantly worse than the previous model where they were freely estimated (Χ 2 = 858, df = 4, p < .01). These results suggest that the factor measuring not doing the activity does not equivalently measure the same latent construct for men and women. In the final model males had a lower mean (−0.27, p < .01) and higher variance (1.76, p < .01) than females.
Specification 1: Gender Role Specification
We corrected for violations the measurement invariance using the modification indices. Modification indices were high, as not doing the IADL activities varied substantially by gender; we set the modification index cutoff at 50. Given our large sample size, we chose this cuff off on an a priori basis in order to ensure that the differences identified were not simply statistically significant (a modification index > 3.84 is statistically significant), but also practically significant in terms of size of effect. Based on modification indices we sequentially freed the threshold for not using a map, the residual variance for using a map, and the threshold for preparing meals. These modification indices are all in activities that we hypothesized to have gender role differences. When these were freed the model fit improved substantially, as the corrected model fit the best of all the models for the gender role specification (RMSEA = 0.016, CFI = 0.985, and TLI = 0.981). In line with our discussion of the gendered distribution of household labor, men had a significantly higher mean (0.85, p < .05) and substantially lower variance (0.48, p < .05) of the factor, substantively meaning that men do less of the queried activities measured by IADLs than women. The notion that men do significantly fewer of the IADLs for reasons aside from health suggests that estimates of gender differences in IADLs are likely biased by the lack of exposure to risk of doing these activities by men.
Specification 2: Traditional Health Specification
The second specification of IADLs analyzed the health limitation based specification of IADLs. For this specification, the gender stratified models fit slightly better for males (RMSEA = 0.029) than for females (RMSEA = 0.058), but both models fit reasonably well. The configural model fit well (RMSEA = 0.048, CFI = 0.996, TLI = 0.993; for full results please see Supplementary Table 3 ). When we set the loadings to be equal to test weak invariance, the constraint did not lead to worse model fit suggesting that the loadings are invariant. In the final model, we additionally constrained the thresholds to be equal. The model fit became significantly worse (Χ 2 = 340.1, df = 5, p < .01). In this model, men still had a lower mean on the factor (−0.41, p < .01) and a higher variance (1.26, p < .01).
We then corrected for measurement invariance in the traditional health based specification. We used the same cutoff (50) as the first specification. Based on the modification indices we sequentially freed the unique variance of using a phone and threshold for using a map. After freeing these parameters to differ by gender, there were no other modification estimates >50. The corrected model had excellent fit (RMSEA = 0.037, CFI = 0.996, TLI = 0.996). Consistent with previous research, in this model males had lower levels of the latent construct of IADL limitations than females, (−0.47, p < .01) and had greater variation (1.38, p < .01). In other words, females had higher levels of IADL health based limitations than men. The differences in means is greater for the corrected model than the fully constrained model, suggesting that not correcting for measurement invariance may lead to underestimates of gender differences in health related IADLs limitations.
Sensitivity Analyses: Traditional Health Specification
We further tested two other counter-factual specifications of the health limitation measure to understand the bounds of influence that reporting not doing the activity may have on estimates of gender differences in IADLs (For full results see Supplementary Table 4) . First, we assumed all of those who reported not doing the activity for non-health issues as if they had no health problems doing the activity. In this specification the fully constrained model had good fit (RMSEA = 0.047, CFI = 0.991, TLI = 0.991) and males had a significantly lower mean level of the IADL factor (−0.40, p < .01), and higher variance than women (1.26, p < .01). However, some of the parameters had modification indices above our cutoff. When we fit models where we progressively freed the residual variance for using a phone, then the residual variance for using a map, no more parameters were >50. The corrected model had excellent fit (RMSEA = 0.038, CFI = 0.995, TLI = 0.995) and males still had a lower factor mean (−0.35, p < .01) and higher variance (1.17, p < .01). The smaller gender difference than the corrected Traditional Health Specification is likely due to the substantial proportion of women who reported not using a map having been coded as healthy.
We next assumed all of the "do not do" responses as if they were limited doing the activity due to health problems. The constrained model had poor fit (RMSEA = 0.09, CFI = 0.965, TLI = 0.962), and males had a slightly lower factor mean (−0.053, p < .01) and slightly lower variance (0.919, p < .01). Based on the modification indices we progressively freed the threshold for not using a map, the residual variance for preparing a meal, then the residual variance for using a phone. The corrected model had improved fit (RMSEA = 0.043, CFI = 0.993, TLI = 0.992), and males had a slightly lower mean (−0.14, p < .01), and higher variance (1.12, p < .01) than females. Likely as a results of men disproportionately reporting not shopping and preparing meals, coding all the do not do reports as unhealthy equalizes the difference in IADLs between men and women compared to the other health specifications. We show all the gender differences in means and variances in each specification in Figures 1 and 2 . Overall, these results depict the potential biases that arise from assumptions on how to handle the reports of not doing the activity, but are consistent with previous research suggesting women have greater levels of limitations.
Discussion
Our aim was to analyze if the battery of questions comprising the IADL questionnaire equivalently measured independent living for men and women and, if not, correct for any misfit resulting from differences in gender based measurement properties. Since some of the activities that comprise IADLs have expectations of fulfillment that differ by gender, we anticipated that IADLs would not equivalently measure the same factor for men and women. Indeed, we found strong evidence supporting the notion that men and women are not equivalently measured on IADLs. Most simply, when men and women had the factor loadings, thresholds, and residuals set to be equal the model fit became significantly worse, substantively meaning that constraining the items to be equal by gender did not closely approximate the actual data. As predicted, the poor fit was largely due to the items that have more traditional gendered expectations of fulfillment: using a map, preparing food, and going shopping. When the measurement models were corrected to allow for these measurement differences across gender, the model fit improved and the inferences regarding gender differences in mean IADL performance and variation in IADL performance changed (see Figures 1  and 2 ).
Our two specifications of IADLs provide insight in gender differences in health related IADL limitations and what IADLs can measure. The first Gender Role Specification analyzed not doing the activity for reasons aside from health. After correcting for problematic parameters, we found men had significantly higher means of the gender role factor, suggesting that men were significantly more likely to not do the IADLs for reasons aside from their health. This suggests that there are gender differences in who does and does not do IADLs, and is consistent with the notion that men conduct less housework than women. The excellent model fit of the corrected model indicates that the IADL questions can be used to construct a latent construct of household labor. Unfortunately, this also suggests that not accounting for the systematically lower levels of housework conducted by men likely biases gender differences in IADLs health based limitations.
Our second specification was the Traditional Health Specification of IADLs. The fully constrained model reflects the inferences that would be made under a naïve approach, which relies on a strong assumption of no gender differences in measurement properties of the individual items. Consistent with previous research, men had lower mean levels of health related IADL difficulty than women.
However, when we freed the most problematic parameters, we found that men had lower levels of IADL impairment relative to women. In other words, previous research, which has implicitly or explicitly assumed IADLs measure the same latent construct for men and women, and found men have less IADL limitations than women may have underestimated or been conservative to the actual difference.
Sensitivity analyses on the health-based specification further highlight the perils of assuming not doing the activity to be diagnostic of either health-related impairment, or lack thereof. When we assumed that all those who reported they do not do the activity were healthy, the mean gender differences were less than in the corrected model, largely due to the substantial proportion of females who report not using a map. Assuming all those who reported not doing the activity were impaired also underestimates the difference between men and women because of the large proportion of men who report not shopping or preparing meals. Although our results suggest that researchers should be cautious when making gender comparisons for IADLs, we did find similar substantive results to previous research (e.g., Crimmins et al., 2010) in our health specification and sensitivity analysis-females have greater levels of health-related limitations of IADLs than males even after accounting for measurement invariance and gender differences in reports of not doing the activities. The greater level of IADL health-based limitations among women is consistent with the higher number of chronic conditions faced by elderly women (Case, 2005) .
Our results suggest a number of possible avenues for avoiding bias associated with gendered expectations in IADLs. First, one could exclusively use measures such as ability to take medication and use a telephone, while excluding the more gendered items. This of course has the disadvantage of losing potentially important information, so researchers could compare results from the full specification to the abbreviated specification. Researchers could also employ all available data in latent models and follow our protocol to freely estimate the most problematic items individually for men and women.
It is useful to discuss the limitations of this work. Our results are only generalizable to the population sampled (U.S. Residents aged ≥51 in 1998) and IADL questions employed by the HRS. This limits the generalizability of our results if household labor becomes more egalitarian in younger cohorts. Future research should examine how shifting household labor influences gender differences in IADLs, or at minimum be wary of cohort shifts in gender differences in IADLs. By examining the entire HRS sample our results are likely more conservative than if we had just limited our sample to married heterosexuals. Our selected modification index cutoff was arbitrary, however the other modification indices in the corrected models were well below the cutoff. Finally, setting data from participants who do not report doing the activity to missing in the second specification does rely on the assumption that these individuals' missing scores on whether or not their health would have caused them limitations in performing the tasks (should they have been inspired to perform them) are missing at random, conditional on their scores on the other items. If individuals who engage in more traditional gendered divisions of household labor are at heightened risk or resilience to IADL impairment beyond what we would expect on the basis of their degree of impairment on the non-gendered IADL items, then our results would be biased. That said, we have no reason to suspect this to be the case. We are also reassured that our sensitivy analysis, which assumed all missing due to not doing the activity were either limited and healthy, produced similar substantive results.
Overall, we suggest that researchers should carefully evaluate and consider the strengths and weaknesses of the measures they select to conceptualize health. Specific batteries may have substantially different meanings and/or levels of exposure to risk that can vary systematically by population subgroup. With a focus on reliable and valid measures, scientists will be better equipped to understand changes in population health. 
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